As an extension of a series of projects for sequencing human cDNA clones derived from relatively long transcripts, we herein report the entire sequences of 100 newly determined cDNA clones with the potential of coding for large proteins in vitro. The cDNA clones were isolated from size-fractionated human brain cDNA libraries with insert sizes between 4.5 and 8.3 kb. The sequencing of these clones revealed that the average size of the cDNA inserts and of their open reading frames was 5.3 kb and 2.8 kb (930 amino acid residues), respectively. Homology search against public databases indicated that the predicted coding sequences of 86 clones exhibited significant similarities to known genes; 51 of them (59%) were related to those for cell signaling/communication, nucleic acid management, and cell structure/motility. All the clones characterized in this study are accompanied by their expression profiles in 14 human tissues examined by reverse transcription-coupled polymerase chain reaction and the chromosomal mapping data.
Introduction
The accumulation of information regarding the cDNA sequence of human genes is considered quite important for the prediction of coding sequences because it complements the sequence information from the human genome. The coding regions in the human genome are usually divided into several exons by introns with enormous size variability. A project for sequencing entire cDNAs which correspond to relatively long transcripts has been initiated in this institute. 1 In particular, we have recently been focusing on human brain cDNA clones which encode large proteins. 2 " 4 In previous papers, we reported a screening procedure based on the ability of the clones to act as templates for protein synthesis in vitro, and we were able to predict the coding sequences of 178 novel cDNA clones coding for large proteins in the human brain. 3 ' 4 As an extension of the preceding reports, we herein report the complete sequence of an additional 100 new cDNA clones which are capable of synthesizing proteins in vitro with an apparent molecular mass of at least 50 kDa. The growing list of genes encoding large proteins should provide a wealth of information regarding the priCommunicated by Michio Oishi * To whom correspondence should be addressed. Tel. +81-438-52-3913, Fax. +81-438-52-3914, E-mail: ohara@kazusa.or.jp mary structures of proteins present in the human brain that are difficult to identify by conventional methods of gene discovery.
Materials and Methods

Source and screening of cDNA clones
cDNA clones were randomly sampled from fractions 3 to 7 (average insert size = 4.5, 5.3, 6.1, 7.0, and 8.3 kb) of the size-fractionated human brain cDNA libraries previously constructed 2 and new clones to be sequenced were selected as described. 3 In brief, clones carrying unidentified sequences at both termini were first selected by search of the GenBank database (release 98.0), excluding expressed sequence tags (ESTs), and then the clones producing proteins of 50 kDa or more (hereafter termed "large proteins") in the in vitro transcription/translation system were isolated.
Other methods
DNA sequencing, homology search of the predicted protein-coding sequences, expression analysis of the sequenced cDNA clones by reverse transcription-coupled polymerase chain reaction (RT-PCR) and chromosomal mapping were carried out as described previously.
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analyzed 11 clones which met all the sequencing criteria described below. For this purpose, cDNA fragments upstream and downstream of the internal Not I sites were separately subcloned and re-examined by the in vitro protein synthesizing system. The subcloned cDNA fragments, which could produce the same protein as the parent cDNA, were sequenced in their entirety. For these clones, the expression profiles and the mapping data were obtained using information from the sequenced cDNA fragments.
Results and Discussion
Sequence analysis and prediction of protein-coding regions of cDNA clones
In this study, we analyzed human cDNA clones which were randomly sampled from the size-fractionated libraries with an average insert size between 4.5 kb and 8.3 kb. cDNA clones which satisfied the following criteria were sequenced in their entirety: (1) sequences at both ends were not found in GenBank (release no. 98.0), excluding ESTs; (2) polypeptides with an apparent molecular mass of 50 kDa or more were synthesized in vitro when these clones were used as templates. Figure 1 shows the physical maps of the cDNA clones thus selected and sequenced. As seen in the figure, the average size of the inserts and their open reading frames (ORFs) was 5.3 kb and 2.8 kb (corresponding to 930 amino acid residues), respectively. The ORFs and the first ATG codons in respective ORFs are indicated by solid boxes and triangles, respectively. In-frame termination codons upstream of the first ATG codon were identified in 32 clones, among which 19 clones carried the ATG codon within the context following Kozak's rule. In 5 clones, 5'-untranslated regions were longer than 1 kb when judged from the presence of in-frame termination codons located upstream of the first ATG in the corresponding ORFs. As discussed by Kozak, 5 we could not completely rule out the possibility that these clones retain introns upstream of the first ATG codon or that reverse transcription from mRNAs introduced artificial bases to these clones. The characteristics of these 100 cDNA clones (the size of the sequenced regions and ORFs, estimated molecular mass of the largest in vitro products, and chromosomal location) are summarized in Table 1 .
Occurrence of chimeric clones
Among 559 independent cDNA clones which have been selected as candidates for the entire sequencing so far, 4.7% (26 clones) were found to possess one internal Not I site besides the 3'-end Not I site introduced by the Not I site-bearing dT primer during reverse transcription. Since the construction of the cDNA library included Not I digestion of cDNAs, 2 the presence of the internal Not I sites was most likely to be a result of chimerization of cDNAs; cDNA clones with an internal Not I site might be generated by intermolccular ligation at the Not I sites of two different cDN' A molecules, one of which happened to have a Not I site at the S'-tcrminus as a result of the Not I digestion. However we could not exclude the possibility of incomplete Not I digestion of the cDNAs. Since such intermolecular ligation of cDNAs, in principle, could not be eliminated completely, it is important to assess the prevalence of these artificial cDNA clones and to understand their origin. For this, we further analyzed 11 cDNA clones with an internal Not I site. Sequencing of the cDNA fragments upstream and downstream of the internal Not I site revealed that the Not I site in all the 11 clones was preceded by an oligo dT sequence, indicating that the cDNA clones with an internal Not I site were chimeras formed by two independently dT-primed cDXAs. Thus, only the cDNA fragments upstream or downstream of the internal Not I sites which could produce proteins larger than 50 kDa in vitro were sequenced in their entirety. The physical map and sequence characteristics of these clones (KIAA0600-KIAA0610) are shown at the bottom of the right column in Fig. 1 and Table 1 . The chromosomal locations and expression patterns of the cDNAs with an internal Not I site were, of course, obtained using the sequence information from the sequenced region. In the previous study, we estimated the frequency of the occurrence of chimeric clones to be 1 out of 30 clones, 6 which is quite close to the observed prevalence of the cDi\ A clones with an internal Not I site (26/559). It seems, therefore, that chimeric clones without the internal Not I site occur at a much lower frequency than 1/30, assuming that the observed occurrence frequency for total chimeric clones and clones with an internal Not I site are statistically valid.
Functional classification of predicted gene products
The gene products predicted from the cDNA sequences were classified after homology and/or motif search as described. The results, based upon alignment analyses with the GAP program, are given in Table 2 , where the degree of the overall similarity is indicated as "identical" (>90% to entries of human proteins), "homologous" (>90% to non-human protein entries), "related" (30% to 90% to entries of any organisms), or "weakly related" (<30% to entries of any organisms).
Eighty-six out of the 100 newly predicted gene products exhibited sequence similarities to the entries in the OWL protein database (release no. 29.6). Among them, 51 genes (59%) have been classified into protein groups related to cell signaling/communication (28 genes), nucleic acid management (11 genes), and cell structure/motility (12 genes). We attempted to classify these proteins according to the biological functions and cellular roles which are apparently shared among them,
No. 1]
T. Nagase et al. ABO11135  AB011136  AB011137  AB011138  AB011139  AB011140  AB011141  AB011142  ABO11143  AB011144  AB011145  AB011146  AB011147  AB011148  AB011149  AB011150  AB011151  AB011152  ABO11153  AB011154   ABO11155  AB011156  ABO11157  ABO11158  AB011159  AB011160  AB011161  AB011162  ABO11163  AB011164  AB011165  AB011166  AB011167  AB011168  AB011169  AB011170  AB011171  AB011172  AB011173  AB011174  ABO11175   AB011176  AB011177  AB011178  AB011179  AB011180   AB011181  ABO11182   cDNA  length a) Accession number of DDBJ, EMBL and GenBank databases. b) Values excluding poly(A) sequences. c) Approximate molecular masses estimated by SDS-PAGE d) Chromosome numbers identified by using GeneBridge 4 radiation hybrid panel unless specified. e) Chromosome number determined by using CCR human-rodent hybrid panel. a) Classifications based on the annotations of their homologous protein entries in the databases unless otherwise stated.
b) The gene products were grouped into four similarity classes according to the sequence identities obtained by the GAP program: I, identical to known human gene products (sequence identitiy, >90%); H, homologous to know non-human gene products (sequence identity, >90%); R, related to some known gene products (sequence identity, 30% to 90%); W, very weakly related to known gene products (sequence identity, <30%). The gene products in class I (>90%) include alternative splicing products of reported genes. b) The values of the overall identities of amino acid residues were obtained by the GAP program. c) These genes are reported in this paper.
rather than using their biochemical categorization. Although 26 gene products exhibited significant similarities to some of the entries in the OWL protein database, the entries were not functionally annotated and thus grouped into "Unclassified." Interestingly, while 13 out of 26 gene products in this group hit similar entries for Caenorhabditis elegans as the most similar ones, no gene products were found to be most homologous to those for yeasts, suggesting that our approach for human cDNA analysis provides an effective means of discovering genes specific to multicellular organisms or higher eukaryotes rather than bacteria or unicellular lower eukaryotes such as yeast. The remaining 14 genes did not hit any protein entries in the OWL protein database.
Other sequence features to be noted are summarized below. 1. Several new genes with paralogous relationships with the genes so far characterized in our cDNA project have been identified (Table 3) . Genes which exhibit significant similarities throughout the protein-coding sequences, not in distinct domains or motifs, have been assigned as those with a paralogous relationship. Eight independent paralogous relationships were found in the genes characterized from the 100 newly identified genes, suggesting that the size-selection of cDNAs we employed enriches genes with a paralogous relationship. 2. The Dbl domain is known to be present in various regulators of small GTP-binding proteins 7 and was frequently found in the predicted gene products in our cDNA project. In addition to 8 such genes previously reported (KIAA0006, KIAA0142, KIAA0294, KIAA0337, KIAA0362, KIAA0380, KIAA0382, and KIAA0424), KIAA0521 encodes a protein with this domain. The other known domains found in the newly predicted gene products are the tbc domain 8 and DEAD box; 9 the former was found in KIAA0603 and KIAA0608, and the latter in KIAA0577. The DEAD box was also present in two previously predicted gene products for KIAA0134 and KIAA0224 and the tbc domain in the previously predicted product for KIAA0019. We detected one interesting and apparently novel characteristic of amino acid sequence which is shared among genes characterized in our cDNA project. Figure 2 shows the alignment of this amino acid sequence commonly found in KIAA0294, KIAA0337, and KIAA0516. The sequences could define a novel structural or functional domain that has been overlooked to date.
3-4-Expression profiles of the predicted genes
To obtain further information as to the biological significance of these newly discovered genes, we examined their expression profiles among 14 different human tissues by RT-PCR. Figure 3 shows the results of KIAA0511 to KIAA0610. The first 5 lanes are controls (respective cDNA plasmids), which allowed us to evaluate the efficiency of the PCR amplification we employed. The expression profiles of the genes can be categorized into the following classes: genes expressed (17 genes) or suppressed (48 genes) in a limited number of tissues, and genes expressed ubiquitously (35 genes). We excluded genes predominantly expressed in the brain in this study, which are known to occur in approximately 10% of the randomly sampled clones.
3 ' 4 They are being further analyzed in depth for their possible biological significance and the results will be reported elsewhere.
